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Microalbuminuria, a slightly elevated urinary albumin excretion (UAE), is 
a marker for early vascular endothelial damage [1] and indicative for an increased 
glomerular permeability [2]. Studies so far show that microalbuminuria is 
independently associated with increased risks of cardiovascular and renal disease 
in diabetic patients [3-5], hypertensive subjects [6-11] as well as in the general 
population [12-18].  
 
Microalbuminuria is a predictor of cardiovascular events 
 
A 10 year observational follow-up study of 939 adults with type 1 diabetes from 
the Steno Diabetes Centre showed that microalbuminuria is related to a higher 
cardiovascular risk (relative risk 1.45; 95% CI 1.18-1.77) [3;4]. Most attention has been 
paid to describe the association between microalbuminuria and cardiovascular risk 
in patients with type 2 diabetes. In a meta-analysis, Dinnen and Gerstein 
demonstrated a twofold increased risk of all-cause mortality and cardiovascular 
morbidity and mortality associated with microalbuminuria in patients with type 2 
diabetes [5].  

In patients with essential hypertension, microalbuminuria predicts 
cardiovascular disease. In the recently performed LIFE study among 8206 
hypertensive patients with left ventricular hypertrophy, increased urinary 
albumin-to-creatinine ratio (UACR) was shown to be associated with an increased 
risk of cardiovascular morbidity and mortality [10]. Albuminuria in essential 
hypertension may reflect systemic dysfunction of the vascular endothelium, a 
structure intimately involved in permeability, haemostasis, fibrinolysis, and blood 
pressure control [19].  
 The last few years, increased evidence has become available on the relation 
between microalbuminuria and cardiovascular events in high-risk populations as 
well as in the general population at large. In the HOPE study [5], 9643 participants 
with either a history or an increased risk of cardiovascular disease (CVD) were 
followed prospectively for 4.5 years. It was shown that microalbuminuria 
significantly increased relative risk of major new cardiovascular events 
(myocardial infarction, stroke or cardiovascular death), all cause death and 
hospitalization for congestive heart failure by almost twofold for each endpoint. 
The largest population-based study examining the predictive role of urinary 
albumin excretion on cardiovascular and renal morbidity and mortality, the 
PREVEND study [13] included more than 40,000 participants. A doubling of urinary 
albumin concentration was associated with a 29% increased risk of mortality CVD 
and 12% increased risk of dying from non-CVD causes after adjusting for other 
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covariates. The Norway HUNT study [15] showed the presence of 
microalbuminuria was associated with a twofold increased risk of all-cause 
mortality in 2089 apparently healthy individuals without diabetes or hypertension. 
In the much larger EPIC-Norfolk study [17], which included more than 20,000 
British men and women, microalbuminuria was associated with a 50% increase in 
relative risk of all-cause mortality and more than a doubling in the risk of 
cardiovascular mortality.  
 
Microalbuminuria is a predictor of renal function impairment 

 
Several studies have indicated that microalbuminuria is also a marker of 
glomerular damage, and strongly predicts the development of overt proteinuria 
and progressive renal failure in patients with insulin or non insulin dependent 
diabetes mellitus (IDDM or NIDDM) [20-26] . Recently, evidence has been published 
suggesting that the predictive value of microalbuminuria for renal damage may 
extend to patients with essential hypertension [9,27]. Hypertensive patients with 
microalbuminuria manifest a greater decline in renal function than patients with 
normal UAE. This confirms the observation of Ruilope et al [28], who observed a 
decline in GFR of 11 ml/min in 24 hypertensive patients with microalbuminuria 
compared with a decrease of only 2ml/min in hypertensive patients with normal 
UAE. In the general population, it has also been shown that albuminuria predicts 
renal function loss [29].  

 
Screening for albuminuria  

 
As discussed, microalbuminuria may predict cardiovascular disease and renal 
function outcome in subjects with or without diabetes or hypertension [29]. 
Therefore, microalbuminuria might be a target for detection of vascular 
dysfunction. In that respect, screening on albuminuria may be a useful tool to 
identify subjects at risk for CVD and/or progressive renal failure [30;31]. However, 
the question remains which populations, either high risk only or the general 
population, should be chosen for screening. The answer to this question will 
amongst others depend on the cost effectiveness of such screening programs. A 
recent study showed that screening for dipstick proteinuria via the general 
practitioner with subsequent angiotensin converting enzyme inhibitor treatment of 
patients who were positive, was not cost effective in preventing end stage renal 
disease (ESRD) [32].  One should realize, however that treatment of patients with 
albuminuria will prevent ESRD only in the long run, but will potentially prevent 
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cardiac events much earlier. Incorporation in the analysis of reduced 
cardiovascular morbidity and mortality, in addition to ESRD, might improve the 
cost effectiveness of screening and treatment for albuminuria. Also in persons 
without hypertension or diabetes, in whom such intervention was previously 
found not cost-effective, cost-effectiveness may improve to favourable ratios. 
Furthermore, screening for albuminuria will result in a much higher yield of 
patients at risk than screening for dipstick proteinuria. Finally, screening may be 
cheaper to perform when carried out via health offices or postal submission than 
via the general practitioner [30;33].  
 
Treatment of albuminuria 
 
Several classes of drugs have been reported to be associated with urinary albumin 
excretion (UAE), such as drugs which are prescribed in patients with hypertension, 
hypercholesteremia or diabetes. Data from recent intervention studies suggest that 
treatment with angiotensin-converting enzyme (ACE) inhibitors or angiotensin II 
receptor blockers (ARB), offers significant reduction in progression to overt 
proteinuria and renal function decline. Moreover, ACE-inhibitor or ARB 
intervention resulted in reduction of cardiovascular and renal morbidity in people 
with albuminuria [26, 34-36]. In the HOPE study of performed in 9243 patients who 
had vascular disease or diabetes, treatment with ramipril 10 mg significantly 
reduced the incidence of the composite outcome of myocardial infarction, stroke or 
death from cardiovascular disease in normoalbuminuric, but especially in the 
microalbuminuric subgroup [37]. Similarly, the PREVEND-IT [38] study showed that 
in microalbuminuric patients, treatment with fosinopril had a significant effect on 
urinary albumin excretion. In addition, fosinopril treatment was associated with a 
trend in reducing cardiovascular events.  In the LIFE study, reduction in 
albuminuria explained one-fifth of the benefits of losartan versus atenolol with 
respect to cardiovascular morbidity and mortality [39]. In view of these findings, it 
has recently been suggested that albuminuria is not only a risk marker for 
cardiovascular and renal disease but may be a useful target for therapy [40].  

Other studies showed that cholesterol lowering drugs had a renal 
protective effect. Human data mostly report a statin induced lowering of UAE in 
patients with advanced renal disease [41] and in type 2 diabetic patients with 
microalbuminuria [42], but no change [43] or even an increase in albuminuria has also 
been described [44;45]. In a short term cross-sectional study, Monster et al could not 
confirm that statins are associated with a lower prevalence of microalbuminuria [46]. 
Other drugs that may influence the level of urinary albumin excretion are 
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hormonal contraceptives. Hormonal contraceptives (HC) are suggested to induce a 
rise in blood pressure (BP) and urinary albumin excretion (UAE), while the effect 
of HC on renal function (GFR) is still in debate [47-49]. Monster et al [50] described in a 
cross-sectional study that the use of hormonal contraceptives may be associated 
with an increased risk for albuminuria, independent of blood pressure. However, 
data on long-term effects of HC-use and withdrawal effects of HC-use on these 
outcomes are not available.  
 
Screening and drug prescribing 
 
Strategies to reduce cardiovascular and renal morbidity and mortality are focused 
on a better detection of the risk factor and improving the proportion of patients 
receiving adequate treatment. Screening and treatment of cardiovascular and renal 
risk factors such as hypertension, hyperlipidemia and albuminuria can reduce the 
incidence of cardiovascular and renal events [31;51;52].  

However, little is known yet about negative consequences of a screening 
program for cardiovascular and renal risk factors in primary prevention. The 
assumption is that the benefits of early diagnosis in asymptomatic individuals will 
outweigh any possible harm associated with screening, diagnosis and treatment. 
Some have argued against the screening because such programs may result in 
medicalisation [53-55].  
 
Aim of the thesis 

 
The first objective of this thesis is to explore the pharmaco-epidemiological aspects 
of a population-based screening on albuminuria. Firstly, we questioned the effect 
of such a population-based screening as well as the effect of an intervention letter 
to the general practitioner on drug prescribing. Secondly, we assessed the effect of 
drug use (statin and hormonal contraceptives) on UAE and renal function.  

The second objective of this thesis is to know the pharmacoeconomic 
aspects of a population-based screening on albuminuria. For this purpose, firstly 
we investigated the adherence of pharmacoeconomic studies in the Netherlands to 
the national guidelines for health-economics research. Secondly, based on the 
PREVEND data, we calculated the cost-effectiveness of screening and subsequent 
treatment of albuminuria to prevent cardiovascular and renal events.  

This thesis used data of the Prevention of Renal and Vascular ENd-stage 
Disease (PREVEND) cohort study and PREVEND Intervention Trial, and linked 
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both data sources to the InterAction Database (IADB) for the information on drug 
use.  
 
The PREVEND study 

 
The PREVEND study was designed to prospectively investigate the natural course 
of increased levels of urinary albumin excretion and its relation to renal and 
cardiovascular disease in a large cohort drawn from the general population. 
Details of this study have been described elsewhere [50]. In summary (figure-1), in 
the period 1997 to 1998, all inhabitants of the city of Groningen, the Netherlands, 
aged between 28-75 years, were sent a questionnaire and a vial to collect an early 
morning urine sample (N=85,421). Of these subjects, 40,856 responded (47.8%) and 
sent a vial to a central laboratory where urinary albumin and creatinine 
concentrations were measured. After exclusion of subjects with type 1 DM (defined 
as the use of insulin) and pregnant women, all subjects with a urinary albumin 
concentration (UAC) of ≥10 mg/L (N=6000) and a randomly selected control group 
with UAC <10 mg/L (N=2592) were invited for further investigations in an 
outpatient clinic and to collect two consecutive 24-hour urines. These 8592 subjects 
constitute the PREVEND cohort. They were invited for a second screening after a 
mean follow-up of 4.2 years (range 2.8-6.1). By then 246 subjects had died, 130 were 
lost to follow-up and 1322 declined participation, leaving 6,894 subjects who 
completed the second screening. The pharmacy data of the PREVEND participants 
are available from the InterAction DataBase (IADB). 
 
The PREVEND Intervention Trial (PREVEND IT) 
 
To prove that lowering of urinary albumin excretion is possible, and that such 
treatment will also result in an improved renal and cardiovascular outcome, the 
PREVEND Intervention Trial was conducted as randomized trial nested within the 
observational PREVEND study.  

The PREVEND IT aimed to study the effect of fosinopril and pravastatin 
on cardiovascular outcome. The protocol of this study has been described in detail 
elsewhere [38]. In short, 864 of the 8,592 subjects participating in the PREVEND 
were included in this clinical trial (figure-1). Inclusion criteria were a UAE of 15-
300 mg/d, a blood pressure less than 160/100 mmHg without use of 
antihypertensive, and plasma cholesterol <8.0 mmol/L, or <5.0 mmol/L in case of 
previous myocardial infarction and without the use of lipid lowering agents. These 
864 subjects were treated in a double blind, randomised, placebo-controlled trial 
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according to a 2x2 factorial design with fosinopril 20 mg/day or matching placebo 
and with pravastatin 40 mg/day or matching placebo during four years.  
 
The InterAction DataBase (IADB) 

 
The IADB contains pharmacy-dispensing data from community pharmacies in the 
city of Groningen. Dutch patients usually register at a single community pharmacy 
and therefore this pharmacy can provide an almost complete listing of subject’s 
prescribed drugs [57]. Pharmacy data contain, among others, information on the 
name of drug prescription, number of days the drug was prescribed and the 
number of defined daily dose (DDDs) based on definition of WHO [58]. The use of 
over the counter (OTC) drugs and in-hospital prescriptions are not included. 
Information on drug use of the PREVEND participants was collected from at least 
one year prior to the date of the first screening until at least the second screening.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1. Flowchart of PREVEND and PREVEND-IT study 
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